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ABSTRACT

EXTRACTION OF DIELECTRIC CONSTANT FROM MEASURED S-PARAMETERS
Vikranth Reddy Dharipally, M.S
Department of Electrical Engineering
Northern Illinois University, 2015
Dr. Veysel Demir, Director

Dielectric materials are mostly used as a substrate in fabrication of radio frequency circuits.
It is important to know dielectric properties before fabrication because changes in these values
may result in frequency shift, frequency dispersion, etc. This paper introduces two methods for
extraction of the dielectric constant from measured S-parameters.
The first method is based on a genetic algorithm, which optimizes the value of the dielectric
constant by minimizing discrepancies between the measured and simulated S– parameters.
Measured S-parameters data was collected from a network analyzer. For simulated S-parameters
data, a circuit template was designed in sonnet EM simulation software and was simulated each
and every time by changing the value of the dielectric constant. In order to change the dielectric
constant, a Matlab script file is generated for circuit template and the value is changed in script
file.
In the second method, which is called as transmission line method, four pairs of
transmission lines are fabricated on a substrate whose dielectric constant is to be determined. An
effective dielectric constant was calculated from measured S-parameters data for each pair of
transmission lines by using a special equation designed from transmission line theory. After the

calculation of an effective dielectric constant, Appcad RF design calculator was used to find the
appropriate dielectric constant from the effective dielectric constant.
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CHAPTER 1
INTRODUCTION
1.1 Dielectric Materials
The word dielectric was coined by Faraday to explain that there is something similar to
current flow in capacitors. When current is introduced at one end of metal plate, it flows through
the insulator to charge another plate [1]. Dielectric material is an insulator, but supports
electrostatic fields, which can be explained by a number called relative permeability or dielectric
constant. Dielectric can be polarized by applying an electric field.
Dielectric materials are characterized by some properties that are dependent on parameters
such as frequency and temperature as shown below:






Dielectric strength 



Permeability 



Dielectric constant 



Dissipation Factor or Loss tangent 

Error in the value of dielectric properties may lead to unnecessary frequency shift and frequency
dispersion, etc. [2]. So it is very important to have accurate values for the dielectric constant,
permeability, and other dielectric properties before fabrication of circuits in which dielectric
materials are involved.
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1.2 Literature Review
Dielectric materials are characterized by permittivity, permeability, loss tangent, and other
properties. It is important to know the exact characteristics of dielectrics before fabrication. Data
sheets of the materials are the main sources to know about these values. But in most of the data
sheets, the dielectric constant value is given at two or three frequency points, which is not sufficient
to design a circuit with a particular dielectric material. To measure permittivity and other
properties, many methods were discussed. Each dielectric measurement has its own importance.
Numerous techniques were discussed to find the properties of dielectric materials and each
method has its own merits. The most commonly used techniques depend on measurement of
resonant frequencies and reflection coefficients. In the resonance frequency method, a sample is
placed in a cavity and dielectric material characteristics are calculated from the difference between
the resonance values from the cavity loaded by the sample and an unloaded cavity [3]. This method
requires a small sample to fit the cavity. In the latter method, reflection coefficient values are used
to characterize dielectrics [3]. Different techniques used in characterization of dielectrics
throughout the years are given below [2, 3].








Full sheet resonance (FSR) 



Clamped strip line resonator 



Split post dielectric resonator (SDR) 



“RA” Resonator 



Cavity Resonator 



Ring Resonator 
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Modified Ring Resonator 



Transmission line propagation constant 



S-parameter Inversion method 



Model based on measured or simulated S-parameters 

In this paper, extraction of the dielectric constant from measured S-parameters is discussed.
1.2.1 Methods based on measured S-parameters
Ling-ling discussed a new method to calculate the dielectric constant of a substrate by
designing a microstrip model and stimulating it to find the S-parameters. Characteristic impedance
is calculated from the obtained S-parameters at each frequency from the equation as given below
[4].
 Z 




2

 

Z

0



1S S
11

21



1S S
11

(1)
21

1  S11  S 21 1  S11  S21

Z – Series line section characteristic impedance
Z0 – Characteristic impedance of transmission line
After calculating the characteristic impedance, equations published by reserachers, H. A. Wheeler
[5], Erik O. Hammerstad [6], and Inder Bahl and Prakash[7] were used to calculate the dielectric
constant from the characteristic impedance [4]. A. Koul et al. also formulated equations for
dielectric constant and loss tangent on different types of materials by conducting tests [8].

4 In 2008, J. Zhang et al. proposed a method for characterization of dielectrics over a wide band
of frequencies using genetic algorithm (GA). Two strip line measurements are used in S-

parameter measurements: one is through reflect line (TRL) calibration and the other is short open
load through (SOLT) calibration. The objective function for measurements based on TRL
calibration is defined as the difference between the measured and analytical model of both the
magnitude and phase of S21. Whereas in the SOLT model both S11 and S21 are taken into account
[9]. GA can also be used in extraction of dielectric constants from measured S-parameters by
defining the objective function as the difference between the measured and calculated losses and
phase constant [10]. In this method S-parameters are converted to ABCD matrix parameters and
the complex propagation constant, phase constant, and attenuation constant are retrieved [10].
1.2.2. Transmission line methods
M. Kang et.al. discussed calculation of characteristic impedance and effective dielectric
constant from measured S-parameters [11]. Measured S-parameters are converted to ABCD
parameters. Characteristic impedance and effective dielectric constant are calculated from
these ABCD parameters [11].
H. Yue et al. discussed finding characteristic impedance for transmission lines, which
ultimately leads to extraction of the dielectric constant from the relationship between the
dielectric constant and characteristic impedance. Characteristic impedance was calculated from
the voltage standing wave ratio (VSWR) as a function of frequency in a particular range of
frequencies. For a transmission line with ZL as load, VSWR maximum and minimum are formed
at every quarter wavelength

 4  [12]. So characteristic impedance is calculated from network

analyzer readings as given below.
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1

 Z 0






Z

L

(2)
 VSWR max VSWR min



Z0 – Characteristic impedance of transmission line
ZL – Coaxial load

1.3 Objective of Thesis
The objective of this thesis is to extract the dielectric constant for different kinds of PCB
materials using the measured S – parameter values. This paper presents two methods to find the
dielectric constant from measured S-parameters:
1. Extracting the dielectric constant by using the Matlab, Sonnet EM simulation tool,
and genetic algorithm taken from Practical Genetic Algorithm textbook by Haupt
and Haupt [12] under the section header Continuous Genetic Algorithm (see
Appendix A).
2. Transmission line method.
1.3.1 Method - 1
In method 1, Sonnet EM simulation software is used to design and simulate the radio
frequency circuit for which the dielectric constant is to be extracted. Matlab is used to change the
values in Sonnet tool and to start simulation of the circuit. The error between measured and
simulated S-parameters is defined as cost function. The GA code (see Appendix A) [12] was
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used to optimize the value of the dielectric constant by minimizing the error between the actual
dielectric constant and simulated one, over a range of frequencies.
In each and every iteration Matlab is used to change the dielectric constant in Sonnet
simulation tool and to start the simulation of the circuit. The S-parameters result from Sonnet is
compared with the measured S-parameters and the best value of the dielectric constant where the
simulated value tends to measure value at each frequency that is selected as the result by the GA.
The whole process of extracting the dielectric constant from measured S-parameters is shown in
Figure 1.
1.3.2 Method – 2
In transmission line method a pair of microstrip transmission lines are designed on a
substrate whose dielectric constant is to be extracted. The microstrip lines are of the same width
but different lengths. S11 of lines were measured. The difference of S11 between these
measurements were calculated and the frequency at which the difference is zero is termed as fc .
The effective dielectric constant is calculated for each pair of transmission lines from
measured S-parameters by using the following equation:
eff

diff


c

 f  2 
 c




diff 

2

(3)

- Difference between length of long and short transmission lines in each pair.

fc = Frequency at which the difference between S11 of a long and short transmission lines of a
pair is equal to zero
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Design a sample model of circuit in

Create a template file with some

r
Change the values of r and

Extraction of S – parameter values

Obtaining the relative error as
difference of simulated & measured

Decision for minimum error by
using Genetic Algorithm.

Figure 1: Flow chart for Method-1.

Create a touchstone file for
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After calculation of effective dielectric constant ( eff ), Appcad RF design tool is used to
calculate r from eff .
1.4 Thesis Organization
The continuous GA used in Method 1 is discussed in Chapter 2. Chapter 3 deals with
the Sonnet simulation tool and how we designed circuits in Sonnet. Extraction of the dielectric
constant using transmission line method, i.e. Method 2, is discussed in Chapter 4.

CHAPTER 2
OPTIMIZATION
Optimization means making something better. It improves a new idea, it tries variations
on an initial concept using the information gained to improve upon the idea [12]. Continuous GA
is used as an optimization technique to find the dielectric constant in the first method described
in this paper. A summary of GA is given below.
2.1 Continuous Genetic Algorithm
GA is an optimization and search technique based on the principle of genetics and
natural selection, which tries to minimize the cost function over a given range of values [12].
When the variables used in GA are continuous, then it is called a continuous genetic algorithm.
The flow chart in Figure 2 represents how a continuous GA functions.
2.2 Components of a Continuous Genetic Algorithm Consistent
GA starts by characterizing variables, expense capacity, and cost as
demonstrated in Figure 2 and finishes by testing for merging. Variables are spoken to as gliding
point numbers over the extent indicated.
2.2.1 Cost function
A cost function takes input as variables (chromosomes) and gives output. The
cost function is a kind of function that is used to obtain some desired output by finding
the appropriate values for the input variables [12].

10

Define cost function, cost, and variables
Select GA parameters

Generate initial population

Select mates

Mating

Mutation

Convergence check

Done
Figure 2: Flow chart representing continuous genetic algorithm [12].
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GA starts by defining the variables or chromosomes to be optimized. A chromosome with

M number of variables (M dimensional optimization problem) named Q1, Q2… QM can be
written as a row matrix shown below:
Chromosome = [Q1, Q2… QM]

(4)

2.2.2 Initial population
To begin GA, the initial population of Npop chromosome is defined, which is given as
matrix input in Matlab code. A matrix represents the population with each row as 1* Nvar
array of continuous values. Population is given in matrix format as Npop* Nvar, where Npop is
given as input.
Pop  rand ( N pop  Nvar )

(5)

In continuous GA, value of variables are between 0 and 1, generated by a random value
generator. So the dielectric constant value is defined as the function that maps the value of the
dielectric constant to a value between 0 and 1. For example in D-stub circuit (circuit 1) the
dielectric constant is defined as given below, which maps values between 0 and 1 to actual
dielectric constant values between 9 and 18 and vice versa.
9+x( : ,1)  2

(6)
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2.2.3 Natural selection
To decide which chromosomes in initial population are good enough to survive and
reproduce offspring in the next generation, the chromosomes are ranked by their cost from lower
to higher. This process of natural selection is done at each and every iteration of the algorithm to
maintain the best chromosomes in future generation. In the total population only the top
chromosomes, ranked according to their cost, are kept for mating while remaining chromosomes
are discarded.
2.2.4 Pairing
In the pairing process two chromosomes are selected from Nkeep (best chromosomes
selected from previous generation) to produce two offspring until Npop - Nkeep are produced to
replace the discarded chromosomes. Pairing is similar to that in animals. There are different
types of pairing in general, but rank weighting type of pairing is used in continuous GA used in
this paper. In the rank weighting approach, chromosomes are selected from the rank given to
them based on cost.
2.2.5 Mating
In mating, two parents are chosen and the cutting edge is delivered as some blend of
these parents. There are different types of mating, but the simplest one used in continuous GA
chooses some random points from each set of chromosomes and interchanged between the
parents as shown [12].
Parent1 = [Pm1, Pm2, Pm3, Pm4, Pm5, Pm6…, PmNvar]
Parent2 = [Pd1, Pd2, Pd3, Pd4, Pd5, Pd6…, PdNvar].
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offspring1 = [Pm1, Pm2, Pd3, Pd4, Pm5, Pm6…, PdNvar]
offspring2 = [Pd1, Pd2, Pm3, Pm4, Pd5, Pd6…, PmNvar]
In extreme cases, mating is done by taking the average of two parents and median
etc. 2.2.6 Mutation
Sometimes we may find our process is working too well. If proper attention is not taken,
GA converges to one of the local minima. To avoid fast convergence for the nearest local
minima we introduce changes in variables.

CHAPTER 3
DESIGN AND SIMULATION IN SONNET

In the first method discussed in this paper, to extract the dielectric constant of a substrate,
Sonnet EM simulation software was used to run simulations. This chapter discusses in detail how
we built circuits in Sonnet and used them in extracting the dielectric constant.
3.1 Introduction to Sonnet
Sonnet was used to design and analyze radio frequency circuits and antennas.
Simulations in Sonnet consist of mainly three phases such as preprocessing, solving, and post
processing. In the preprocessing phase, project editor was used as a graphical interface that is
used to input circuit geometry for EM analysis [12]. We can use interfaces such as Agilent’s
ADS, Cadence Virtuoso, and AWR’s Microwave Office with project editor, and it is also easy
to use with some Gerber translators. Sonnet’s EM engine computes S, Y, and Z – parameters or
transmission line parameters, and spice equivalent lumped networks. In the post processing
phase, current density and far field graphs can be viewed [12].
3.2 CIRCUIT-1
A double stub circuit is designed similar to the one built in the laboratory in Sonnet as
discussed in the above section. Figure 3represents the D-stub circuit designed in Sonnet with
dimensions of the fabricated circuit shown in Figure 4 and the 3-D view of the circuit is shown in
Figure 5.
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Figure 3: D-stub used in Method 1 with measurements.

Figure 3: Photo of D-stub circuit fabricated in lab.
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Figure 4: 3-D view of D-stub.

Matlab was used to generate some random values for the dielectric constant and change
the value of the dielectric constant in each and every Sonnet simulation. GA was used to
optimize the value of the dielectric constant obtained from the Sonnet simulations by
minimizing the cost function.
In the GA for circuit-1, the dielectric constant was mapped to values between 0 and 1 for
the purpose of continuous genetic algorithm as:

r = 9+x( : ,1)  2
Cost function was defined as the difference between the simulated S-parameters and the
measured S-parameters at each frequency.

(7)
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cost = sum((abs(mS11)-abs(sS11)).^2 + (abs(mS21)-abs(sS21)).^2)

(8)

at each frequency

mS11 – measured S11
sS11 – simulated S11
mS21 – measured S21
sS21 – simulated S21
3.2.1 Result
After several iterations, the best value of the dielectric constant obtained was 0.3055,
which can be seen from the screen shot shown in Figure 6. This value is mapped to the actual
dielectric constant as:
(9 + (2*0.247)) = 9.49

(9)

If we plot S-parameters for D-stub circuit with the dielectric constant as 9.49 using the
circuit template in Sonnet, these S-parameters follow the same path as measured S-parameters
and almost same as shown in Figure 7.
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Figure 5: Screen shot of best solution after several iterations for circuit-1.
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Figure 6: Simulated and measured S-parameters for D-stub circuit.

3.3 Circuit-2
In Circuit-2, a divider circuit template was designed similar to that of the
fabricated one(Figure 8) as shown in Figure 9. Its 3-D view is as shown in Figure 10.
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Figure 7: Photo of divider circuit fabricated in lab.

Figure 8: Divider circuit used as circuit-2 for 1st method.
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Figure 9: Three-dimensional view of divider circuit.

In simulation of circuit-2, the dielectric constant was mapped to values between 0 and
1 for the purpose of continuous genetic algorithm as:
6  x( : ,1)

(10)

Cost function was defined as the difference between the simulated S-parameters and the
measured S-parameters at each frequency.
Cost = Sum((abs(mS11)-abs(sS11)).^2 + (abs(mS21)-abs(sS21)).^2) at each frequency (11)
mS11 – measured S11
sS11 – simulated S11
mS21 – measured S21
sS21 – simulated S21
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Continuous GA was used to select the best dielectric constant ( r ) value by minimizing
the cost function over the range of frequency.
3.3.1 Result
After several iterations, the best value of the dielectric constant obtained was 0.384. This
value was mapped to the actual dielectric constant as:
(6*0.384) = 2.307 (12) The S-parameters of the divider
circuit simulated in Sonnet with a dielectric constant of 2.307 are almost similar to that of the
measured S-parameters, which can be observed in Figure 11 and the substrate used in the divider
circuit is Taconic TLY-5. For this laminate, the dielectric constant value is given as 2.2 in
datasheet.

Figure 10: Simulated and measured S-parameters of divider circuit

CHAPTER 4
METHOD TO EXTRACT DIELECTRIC CONSTANT
OF A TRANSMISSION LINE SUBSTRATE

In the transmission line method, four pairs of transmission lines with different widths
were designed on a substrate, whose dielectric constant was to be measured. In each pair, one
transmission line was 100mm and another was 50mm in length as shown in Figure 12 and the
width of transmission lines were 5mm, 4mm, 3mm, and 2mm, respectively, for each pair from
right to left.

Figure 11: A Photo representing the circuit designed for transmission line method.
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4.1 Theory for Calculation of Effective Dielectric Constant
In a transmission line, the input impedance at the source end of a line, at a length of “ ”
can be given as [14]:

Z

in

 Z L  jZ 0 tan  
 Z0 

 Z 0  jZL tan  

(13)

Zin - Input impedance
ZL - Coaxial load
Z0 - Characteristic impedance of transmission line

At half wavelength i.e. at

Z Z
in



 2

L

Figure 12: Waveform representing a pattern at every half wave
length on an open ended transmission line

(14)
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Consider two transmission lines with the same width but different lengths. Input impedance
waveforms for each of transmission line are shown in Figure 14 with Z0 = 50 ohms, Zl = 30
+ 60j, and Frequency = 425MHz.

Figure 13: Input impedance waveforms for two transmission lines with same width but different lengths.

At a particular frequency where the difference of length of transmission lines is equal to half the
wavelength, input impedance of both transmission lines will be the same as shown in Figure 15
with Z0 = 50 ohms, Zl = 30 + 60j, Frequency = 300MHz, Wavelength = 1mt.
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Figure 14: Input impedance waveforms for two transmission lines at a frequency where difference
between lengths is equal to half wavelength.

S 
11

Z
Z

in

 Z0

in

 Z0

(15)

As shown in the above equation, characteristic impedance will be the same for transmission lines
with the same width. So the concept discussed above is also applicable for S11.
It can be inferred from the above concept that at a particular frequency where S11( diff )
tends to zero the difference between the lengths of long and short transmission lines is equal
to half wavelength as:
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diff

diff





(16)

2 at a frequency where S11diff   0

- Difference between length of long and short transmission lines.

In general, wavelength is given in terms of frequency as [14]:

v

p

f

(17)

c

v p = Wave velocity

fc = Frequency
The velocity of electromagnetic waves in a free space is given by c = 3 108 m/s, but in
a particular medium it is given as [14]:

v

c
p



(18)

r  r

r - Relative permittivity of a medium

r - Relative permeability of a medium
For non-magnetic dielectric materials used in the fabrication of micro strip lines, r = 1. So wave
velocity on a dielectric medium is given as [14]:

vp 

c

(19)

r

In microstrip lines, the wave velocity is given in terms of effective relative permittivity as [14]:
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vp 

c

(20)


eff

With the equation obtained above for wave velocity, wave length can be given in terms of
frequency and effective dielectric constant of dielectric medium as:
c


fc 

(21)


r ,eff

By combining equations 16 and 21 we can state that:

2

diff

c


fc 



r ,eff


c

 f  2 
 c

(22)


r ,eff




diff 

2

(23)

In this method r ,eff of a dielectric medium is calculated from the above equation and by using
Appcad tool we calculated the dielectric constant value from r ,eff for four pairs of transmission
lines.
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4.2 Model Used for Extraction of the Dielectric Constant
Firstly, four pairs of transmission lines are designed on a substrate and S11 values are
measured using a network analyzer in the lab for all eight transmission lines. The effective
dielectric constant ( r ,eff ) is calculated for each pair of transmission lines from equation 21.
In calculation of r ,eff , the frequency at which S11 (diff) tends to zero was measured
for four pairs of transmission lines and then r ,eff is calculated with that value.
After calculating eff for each pair of transmission lines, the Appcad RF design tool is used
to calculate the actual dielectric constant ( r ) from the effective dielectric constant ( r ,eff ).

In Appcad dielectric constant ( r ) value was changed each and every time until we get the
desired r ,eff for each pair of transmission lines in Figure 20.
The dielectric constants obtained for each pair of transmission lines are 3.64, 3.76, 3.55,
3.44. The actual dielectric constant for TLY-5 substrate is given as 3.4 in the datasheet. So
from the transmission line method we can state that the dielectric constant of substrate used in
this method is getting closer to the actual value when the width of the patch is narrower.
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Figure 15: Frequency at which S11 is tending to zero for a pair of transmission lines with
width=5mm

Figure 16: Frequency at which S11 is tending to zero for a pair of transmission lines with
width = 4mm
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Figure 17: Frequency at which S11 is tending to zero for a pair of transmission lines with 3mm
width

Figure 18: Frequency at which S11 is tending to zero for a pair of transmission lines with width =
2mm.
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By providing input of width = 5mm, effective dielectric constant ( r ,eff ) = 3.1142, and frequency

= 1.7 GHz to Appcad caluclator . We obtain effective dielectric constant = 3.114 as output

Figure 19: Appcad result for a pair of transmission lines with width = 5mm.

By providing input of width = 4mm, effective dielectric constant ( r ,eff ) = 3.1512, and frequency

= 1.69 GHz to Appcad caluclator . We obtain effective dielectric constant = 3.147

Fig. 20 Appcad result for a pair of transmission lines with width = 4mm.
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By providing input of width = 3mm, effective dielectric constant ( r ,eff ) = 2.9055, and frequency

= 1.76 GHz to Appcad caluclator . We obtain effective dielectric constant = 2.908 as output.

Fig. 21 Appcad result for a pair of transmission lines with width = 3mm.

By providing input of width = 2mm, effective dielectric constant ( r ,eff ) = 2.717, and frequency
= 1.82 GHz to Appcad caluclator . We obtain effective dielectric constant = 2.727 as output.

Fig. 22 Appcad result for a pair of transmission lines with width = 2m.

CHAPTER 5
CONCLUSION

Two new methods were introduced to find the dielectric constant of a substrate used in
radio frequency circuits in a non-destructive way. Results from both the methods are near to that
of the values given in the data sheet for respective materials. In circuit-1 we used Alumina
substrate. The result obtained from the first method for circuit-1 is 9.49. The S-parameters graph
for simulated circuit with 9.49 as the dielectric constant is the same as the measured Sparameters as shown in Figure 24.

Figure 23: Graph representing simulated and measured S-parameters for D-stub circuit.
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The result obtained from the first method for the divider circuit (circuit-2) is 2.307. The
dielectric material used in the divider circuit is Taconic TLY-5 laminate, which has a dielectric
constant of 2.2 in the datasheet. So the result obtained is correct, which is close to the actual
value shown in the datasheet. Measured and simulated S-parameters also follow the same path
as shown in Figure 25.

Figure 24: Graph representing simulated and measured S-parameters for the divider circuit.
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APPENDIX
CODE USED IN METHOD-1
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OPTIMIZATION CODE:
testfunction = 'simulate_dstub';
% PROGRAM 3: CONTINUOUS GENETIC ALGORITHM
% Continuous Genetic Algorithm
%
% Haupt & Haupt
% 2003
%_______________________________________________________
% Input to GA
ff= testfunction; % function which is to be minimized
npar=3; % enter no. of optimization variable to be
minimized varhi=1; varlo=0; % limit of variables
%_______________________________________________________
% II where to stop GA
maxit=10; % no. of iterations to be
done mincost=0.001; % floor of cost
%_______________________________________________________
% III parameters
popsize=12;
mutrate=.3;
selection=0.5; %fraction of population used in next genration
Nt=npar;
keep=floor(selection*popsize); nmut=ceil((popsize1)*Nt*mutrate); % total number of mutations M=ceil((popsizekeep)/2); % number of matings
%_______________________________________________________
% Create the initial population
iga=0; % generation counter initialized par=(varhivarlo)*rand(popsize,npar)+varlo; % random
cost=feval(ff, par); % calculates population cost
% using ff
[cost,ind]=sort(cost); % min cost in element
1 par=par(ind,:); % sort continuous
minc(1)=min(cost); % minc contains min of
meanc(1)=mean(cost); % meanc contains mean of population
%_______________________________________________________
% Iterate through
generations while iga<maxit
iga=iga+1; % increments generation counter
%_______________________________________________________
% Pair and mate
M=ceil((popsize-keep)/2); % number of matings
prob=flipud([1:keep]'/sum([1:keep])); %
weights % chromosomes
odds=[0 cumsum(prob(1:keep))']; % probability
% distribution
% function pick1=rand(1,M);
% mate #1 pick2=rand(1,M);
% mate #2
% ma and pa contain the indicies of the chromosomes
% that will mate
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ic=1;
while ic<=M
for id=2:keep+1
if pick1(ic)<=odds(id) && pick1(ic)>odds(id1) ma(ic)=id-1;
end
if pick2(ic)<=odds(id) && pick2(ic)>odds(id1) pa(ic)=id-1;
end
end
ic=ic+1;
end
%_______________________________________________________

% Performs mating using single point
crossover ix=1:2:keep; % index of mate #1
xp=ceil(rand(1,M)*Nt); % crossover point
r=rand(1,M); % mixing parameter
for ic=1:M
xy=par(ma(ic),xp(ic))-par(pa(ic),xp(ic)); % ma and
pa % mate
par(keep+ix(ic),:)=par(ma(ic),:); % 1st offspring
par(keep+ix(ic)+1,:)=par(pa(ic),:); % 2nd offspring
par(keep+ix(ic),xp(ic))=par(ma(ic),xp(ic))-r(ic).*xy;
% 1st
par(keep+ix(ic)+1,xp(ic))=par(pa(ic),xp(ic))+r(ic).*xy;
% 2nd
if xp(ic)<npar % crossover when last variable not selected
par(keep+ix(ic),:)=[par(keep+ix(ic),1:xp(ic))
par(keep+ix(ic)+1,xp(ic)+1:npar)];
par(keep+ix(ic)+1,:)=[par(keep+ix(ic)+1,1:xp(ic))
par(keep+ix(ic),xp(ic)+1:npar)];
end % if
end
%_______________________________________________________
% Mutate the population
mrow=sort(ceil(rand(1,nmut)*(popsize1))+1); mcol=ceil(rand(1,nmut)*Nt);
for ii=1:nmut par(mrow(ii),mcol(ii))=(varhivarlo)*rand+varlo; % mutation
end % ii
%_______________________________________________________

% The new offspring and mutated chromosomes are
% evaluated
cost=feval(ff, par);
%_______________________________________________________
% Sort the costs and associated parameters
[cost,ind]=sort(cost);
par=par(ind,:);
%_______________________________________________________
% Do statistics for a single nonaveraging
run minc(iga+1)=min(cost);
meanc(iga+1)=mean(cost);
%_______________________________________________________
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% Stopping criteria
if iga>maxit ||
cost(1)<mincost break
end
[iga cost(1)]
end
%_______________________________________________________
% output
day=clock;
disp(datestr(datenum(day(1),day(2),day(3),day(4),day(5),day(6)),0))
disp(['optimized function is ' ff])
format short g
disp(['popsize = ' num2str(popsize) ' mutrate = ' num2str(mutrate) ' # par
= ' num2str(npar)])
disp(['#generations=' num2str(iga) ' best cost='
num2str(cost(1))]) disp(['best solution'])
disp([num2str(par(1,:))])
lens = par(1,:);
best_solutions = par(1,:);
disp('continuous genetic
algorithm') figure(24)
iters=0:length(minc)-1;
plot(iters,minc,iters,meanc);
xlabel('generation');ylabel('cost');
text(0,minc(1),'best');text(1,minc(2),'population average')
best_solutions

CREATE SONNET PROJECT:
clc;
close all;
clear all;
template_fname = 'divider_template.son';
fname = 'divider.son';

parname = '#a2#';
parname = strvcat(parname, '#a1#');
parname = strvcat(parname, '#a0#');
parval = [0.6 0.7 0.8];
fid = fopen(template_fname,'r');
fod = fopen(fname,'w');
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end
fprintf(fod,[tline '\n']);
end
fclose(fid);
fclose(fod);
% addpath('C:\Program Files\Sonnet Software\14.52\bin');
%
% system(['em.exe ' fname]);
%system('run.bat','-echo');
system (['"C:\Program Files (x86)\Sonnet Software\14.52\bin_x64\em" ' ' '
fname],'-echo');

RUN SIMMULATIONS:
clc;
close all;
clear all;
template_fname = 'divider_template.son';

parname = '#a2#';
parname = strvcat(parname, '#a1#');
parname = strvcat(parname, '#a0#');
parval = [0.6 0.7 0.8];
[f, s] = get_sonnet_result(template_fname,
parname,parval); S11 = squeeze(s(1,1,:)).';
dbS11 = 20*log10(abs(S11));
plot(f,dbS11,'b','linewidth',2);

SONNET PROJECT SIMULATIONS:
function [cost] = simulate_dstub(x)
global target_frequency

% er = x(:,1);
% tanloss = x(:,2);
xx = [x(:,1) x(:,2) x(:,3)];
%x(:,2) = x(:,2)*0.2;

% x(:,2) = 0;
% target_frequency = 3e8;
frequencies = [0.05:0.05:1.5]*1e9;
nfreq = size(frequencies,2);
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measurement_fname = 'divider_meas.s1p';
[mf, ms] = get_measurement_result(measurement_fname);
S11mea = squeeze(ms(1,1,:)).';
%S21mea = squeeze(ms(2,1,:)).';
for iff = 1:nfreq

[V,I] = min(abs(mffrequencies(iff))); I = I(1);
mS11(iff) = S11mea(I);
%mS21(iff) = S21mea(I);
end
template_fname = 'divider_template.son';
parname = '#a2#';
parname = strvcat(parname, '#a1#');
parname = strvcat(parname, '#a0#');
%
% dbS11 = 20*log10(abs(S11));
% plot(f,dbS11,'b','linewidth',2);
npop = size(x,1);
for mi = 1:npop
parval = [xx(mi,1) xx(mi,2)];
[f, s] = get_sonnet_result(template_fname,
parname,parval); S11sim = squeeze(s(1,1,:)).';
% S21sim = squeeze(s(2,1,:)).';
for iff = 1:nfreq
[V,I] = min(abs(ffrequencies(iff))); I = I(1);
sS11(iff) = S11sim(I);
%sS21(iff) = S21sim(I);
end
cost(mi) = (sqrt(abs(mS11)-abs(sS11)).^2); %+ (abs(mS21)abs(sS21)).^2); disp(['current cost: ' num2str(cost(mi))]);
%
%
%
%
end

plot(f*1e- 9, s,'linewidth',2);
hold on;
grid on;
drawnow;
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IMPORT SONNET RESULT INTO MATLAB:
function [F, Data] = get_sonnet_result(template_fname, parname,parval)

addpath('C:\Users\ceet\Desktop\optimization
code\SonnetLab_v7.4\v7.4\Scripts');
template_fname = 'divider_template.son';
fname = strrep(template_fname, '_template','_run');
fid = fopen(template_fname,'r');
fod = fopen(fname,'w');
n_parameters = size(parval,3);
while 1
tline = fgetl(fid);
if ~ischar(tline), break, end
for mi=1:n_parameters
if ~isempty(strfind(tline, parname(mi,:)))
tline = strrep(tline,parname(mi,:),num2str(parval(mi)));
end
end
fprintf(fod,[tline '\n']);
end
fclose(fid);
fclose(fod);
myProject=SonnetProject(fname);
myProject.addTouchstoneOutput();
myProject.simulate('-c-t');
% % Read the S2P file
aSnPFilename=strrep(fname,'.son','.s1p');
[F, Data, Zo, DataCell] = TouchstoneRead(aSnPFilename);
%
% Get S11 data at 2.4 Ghz
% aLossOfCurrentIteration=20*log10(abs(permute(Data(1,1,:),[3 2 1])));
%system (['"C:\Program Files (x86)\Sonnet Software\14.52\bin_x64\em" ' ' '
fname],'-echo');

IMPORT MESUREMENT DETAILS:
function [F, Data] = get_measurement_result(measurement_fname)
addpath('C:\Users\ceet\Desktop\optimization
code\SonnetLab_v7.4\v7.4\Scripts');
addpath('C:\Users\ceet\Desktop\optimization
code\SonnetLab_v7.4\v7.4\Scripts\Third Party Libraries');
addpath('C:\Users\ceet\Desktop\optimization
code\SonnetLab_v7.4\v7.4\Scripts\Third Party Libraries\Touchstone Reader');
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addpath('C:\Users\ceet\Desktop\optimization
code\SonnetLab_v7.4\v7.4\Scripts\Third Party Libraries\Convert Spherical to
Cartesian');
% % Read the S2P file
[F, Data, Zo, DataCell] = TouchstoneRead(measurement_fname);
%
% Get S11 data at 2.4 Ghz
% aLossOfCurrentIteration=20*log10(abs(permute(Data(1,1,:),[3 2 1])));
%system (['"C:\Program Files (x86)\Sonnet Software\14.52\bin_x64\em" ' ' '
fname],'-echo');

